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Abstract

This research examined the effects of decreasing dietary amino acid density (AAD) and potential
interactions of AAD and phytase on growth and nitrogen (N) and phosphorus (P) excretion of broiler
chickens. In experiment 1, diets were formulated to high (H) or moderate (M) AAD during prestarter
(1–7 days), starter (8–19 days), and grower (20–35 days) resulting in the following dietary treatments:
HHH, HHM, HMM, and MMM. The HHH feeding regimen improved (P≤0.05) body weight gain
(BWG) and feed conversion (FCR) from 1 to 35 days of age, but increased (P≤0.05) N content of the
excreta by 180 g/kg. In Experiment 2, three diets were fed from 36 to 49 days varying in AAD (H,
M, and low, L) with (500 units/kg) or without supplemental phytase. Broilers fed a diet formulated to
L AAD had high FCR. Increasing AAD increased (P≤0.05) N excretion by 0.56 and 0.80 g per bird

Abbreviations: AAD, amino acid density; N, nitrogen; H, high; M, moderate; L, low; BWG, body weight
gain; FCR, feed conversion; CP, crude protein; AA, amino acid; Exp, experiment; P, phosphorus; TSAA, total
sulfur amino acids; FI, feed intake; DM, dry matter
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compared with M and L AAD, respectively. Phytase supplementation reduced (P≤0.05) P excretion
by 0.18 g per bird, but BWG and FCR were not affected. Dietary phytase and AAD did not interact to
reduce N excretion. These results indicate that N excretion could be reduced with dietary manipulation,
but effects on FCR should be considered.
Published by Elsevier B.V.
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1. Introduction

Ammonia emissions generated from livestock and poultry confinement operations have
stimulated awareness in the USA (National Research Council, 2003). Aerial gas emissions
not only cause air quality, odor, and environmental concerns to humans (Lacey et al.,
2004) but also adversely affect bird performance and health (Wathes, 1998; Miles et al.,
2004). Reducing dietary crude protein (CP) has been a strategy to decrease N excretion
and ammonia production, but growth performance can be adversely affected if adequate
amounts of dietary amino acids (AA) are not provided (Ferguson et al., 1998a,b; Kidd et
al., 2001).

It is well established that the young chick responds to H AAD diets optimizing growth
performance and meat yield (Kidd et al., 2004; Corzo et al., 2005; Dozier et al., 2006a),
but H AAD diets may not be appropriate as broilers approach market weight. Therefore,
decreasing dietary AAD late in development should translate to decreased N excretion and
ammonia production of the excreta without negatively influencing production efficiency. In
previous research, N excretion and ammonia production were decreased in broilers fed low
CP diets, but growth performance was adversely affected (Ferguson et al., 1998a,b). Phytase
supplementation has been reported to improve amino acid (AA) utilization (Ravindran et
al., 1999; Wu et al., 2003). Therefore, N excretion may be also reduced by supplementing
diets with phytase.

Experiment (Exp) 1 evaluated growth performance (1–35 days) and N excretion (33–35
days) of broilers fed diets varying in AAD. In Exp 2, potential interactive effects of dietary
AAD and phytase supplementation were examined for broiler live performance from 36 to
47 days of age and N and phosphorus (P) excretion (47–49 days).

2. Materials and methods

2.1. Bird husbandry

Two Exp were conducted. In Exp 1, 240 Ross × Ross 708 (Aviagen, Hunstville, AL,
USA) 1-day-old male chicks were obtained from a commercial hatchery and randomly dis-
tributed in 48 chick battery cages (Petersime Incubator Company, Gettysbury, OH, USA).
There were five chicks per cage until 19 days of age and three birds per cage from 20 to 35
days of age. Each cage contained one feeder trough and a water trough. The number of birds
per cage was reduced due to size limitations of the cage during the 20–35 day period. In Exp
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2, 2300 Ross × Ross 708 broilers were hatched at the USDA-ARS Poultry Research Unit
using recommended manufacturer incubation procedures (NatureForm Hatchery Systems,
Inc., Jacksonville, FL, USA). Five hundred male chicks were placed into a common envi-
ronment until 35 days of age. At 36 days of age, 360 male chicks were randomly selected
and placed into 72 grower battery cages (Alternative Design Mfg., Siloam Springs, AR,
USA) (five birds per cage) until 49 days of age. Each cage was provided with one feeder
trough and one nipple waterer. In both Exp, the experimental facility was a solid-sided
house with temperature control. Birds were vaccinated at the hatchery for Marek’s disease,
Newcastle disease, and infectious bronchitis. Temperature was set at 32 ◦C from 1 to 7 days,
29 ◦C from 8 to 14 days, 26 ◦C from 15 to 21 days, 23 ◦C from 22 to 28 days, 20 ◦C from
28 to 35 days, and 19 ◦C from 35 to 49 days. Lighting was continuous with an intensity of
20 lx from 1 to 7 days and then reduced to 5 lx until the end of experimentation.

2.2. Dietary treatments

In Exp 1, diets were formulated to contain either H or M AAD within each phase of
growth (Table 1). Critical AA were formulated on a digestible basis. These values were
decreased by 100 g/kg to denote the moderate (M) AAD, which is similar to dietary AAD
used by broiler integrators in the USA. Prestarter (1–7 days) and starter (8–19 days) diets
were provided as crumbles and grower (20 to 35 days) diet as whole pellets. The four dietary
treatments were: HHH, HHM, HMM, and MMM.

In Exp 2, broilers were provided common diets until 35 days of age (Table 2). Starter
diet was provided as crumbles and subsequent diets as whole pellets. At 36 days, birds were
fed diets formulated to contain H, M, or low (L) AAD (total basis) until 49 days of age
(Table 2). Amino acid density of the H diet was selected to represent the concentrations
used by broiler companies to optimize meat yield. Conversely, the L diet emulated broiler
companies intending to use AAD to minimize diet cost. The M diet was intermediate in
AAD between H and L diets.

Diets supplemented with or without phytase were formulated to contain 2.5 and 3.5 g/kg
available P, respectively. Phytase (Ronozyme® P, DSM Nutritional Products, Inc., Parsip-
pany, NJ, USA) was supplemented in diets from 36 to 49 days at either 0 or 500 phytase
units/kg; therefore, resulting in a 3 (AA) × 2 (phytase) factorial treatment arrangement.
Pelleting temperature of the finisher diets was 77 ◦C, a temperature that did not exceed
the manufacturer’s recommendation for diets supplemented with phytase. Prior to exper-
imentation, H AAD diet was formulated to contain 500 units/kg of supplemental phytase
(Ronozyme® P, DSM Nutritional Products, Inc., Parsippany, NJ, USA) the same dietary
formulation was used in Exp 2. Ten samples were collected before and after manufacturing
and phytase retention was determined as 780 g/kg with a 100 g/kg coefficient of variation.
In addition to the diet samples, phytase (Ronozyme® P, DSM Nutritional Products, Inc.,
Parsippany, NJ, USA) was analysed to contain 5638 phytase units/kg.

2.3. Measurements

In Exp 1, birds and feed were weighed at 1, 7, 19, and 35 days of age and BWG, feed
intake (FI), and FCR were determined by replicate. Mortality was recorded daily, but no
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Table 1
Ingredient (g/kg) and nutrient composition (g/kg) of experimental diets (as-fed) (Experiment 1)

Age (days) 1 to 7 8 to 19 20 to 35

Diets Ha Mb Ha Mb Ha Mb

Ground maize 523.0 595.8 548.5 620.5 612.4 674.1
Soybean meal (480 g/kg crude protein) 352.0 290.4 328.0 266.5 268.0 215.7
Poultry meal (660 g/kg crude protein) 50.0 50.0 50.0 50.0 50.0 50.0
Poultry oil 40.5 28.4 40.3 28.4 38.0 27.7
Dicalcium phosphate 13.0 13.4 12.1 12.5 10.9 11.3
Calcium carbonate 9.4 9.6 9.0 9.2 8.5 8.7
Sodium chloride 4.6 4.6 4.6 4.7 4.6 4.6
Premixc 3.1 3.3 3.1 3.3 3.1 3.3
dl-Methionine (990 g/kg methionine) 2.58 2.24 2.39 2.05 2.12 1.78
l-Lysine SO4 (507 g/kg of lysine) 1.78 2.29 2.00 2.72 2.28 2.73
l-Threonine 0.00 0.00 0.00 0.04 0.04 0.07

Nutrient composition
Calculated

AMEn (MJ/kg) 12.9 12.9 13.0 13.0 13.2 13.2
Crude protein 226.2 206.5 224.1 204.9 201.3 172.8
Calcium 9.4 9.4 9.0 9.0 8.4 8.4
Available phosphorus 4.7 4.7 4.5 4.5 4.2 4.2
Sodium 2.2 2.2 2.2 2.2 2.2 2.2
Choline (mg/kg) 1550 1550 1500 1500 1400 1400

Analysed
Lys 13.8 12.8 13.6 12.4 12.3 10.5
Total sulfur amino acids 9.3 8.7 9.3 8.5 8.5 7.5
Thr 8.7 8.0 8.7 7.8 7.7 6.6
Ile 9.2 8.5 9.2 8.2 8.2 6.7
Val 10.4 9.8 10.4 9.4 9.3 7.8
Arg 15.4 13.9 15.3 13.5 13.4 11.1
Leu 17.8 16.5 18.3 16.8 16.3 14.1

a Diet characterized as being formulated to high amino acid density concentrations.
b Diet characterized as being formulated to moderate amino acid density concentrations. Diets were formulated

using digestible amino acid minimums calculated from coefficients taken from Degussa, 2001 to create high and
moderate amino acid density.

c Premix provided the following per kg of diet: Vitamin A (vitamin A acetate) 7718 IU; cholecalciferol 2200 IU;
Vitamin E (source unspecified) 10 IU; menadione, 0.9 mg; B12, 11 �g; choline, 379 mg; riboflavin, 5.0 mg; niacin,
33 mg; d-biotin, 0.06 mg; pyridoxine, 0.9 mg; ethoxyquin, 28 mg; manganese, 55 mg; zinc, 50 mg; iron, 28 mg;
copper, 7 mg; iodine, 1 mg; selenium, 0.2 mg. Coccidiostat was included at 0.75 g/kg that provided 60 g/ton of
salinomycin. Choline chloride (700 g/kg choline) was included in all diets ranging from 0.03 to 0.29 g/kg.

further information is given elsewhere. At 33 days, a 48 h total excreta collection period was
conducted. Representative samples of feed and excreta were frozen and subsequently dried
at 65 ◦C. Dry samples were then ground through a Thomas–Wiley mill (Arthur H. Thomas
Company, Philadelphia, PA, USA) equipped with a 1 mm screen to ensure a homogeneous
mixture. Nitrogen determination of feed and excreta samples were prepared for analysis
by grinding in a stainless steel blade grinder until caking was observed. Nitrogen con-
tent was determined on 0.2 g sample using a Combustion N Analyzer (Elementar, Hanau,
Germany) using a previously established method (AOAC, 1996). Feed consumption and
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Table 2
Ingredient (g/kg) and nutrient composition (g/kg) of diets (as-fed) (Experiment 2)

Age (days) 1 to 17 18 to 35 36 to 49

With phytase Without phytase

Diets Ha Mb Lc Ha Mb Lc

Ingredient
Ground maize 607.4 645.4 671.6 722.6 770.0 676.5 727.5 775.0
Soybean meal (480 g/kg

crude protein)
283.6 249.3 221.6 179.4 140.3 220.7 178.5 139.4

Poultry oil 22.5 24.5 32.4 22.9 14.2 30.5 21.0 12.3
Poultry meal (660 g/kg

crude protein)
50.0 50.0 50.0 50.0 50.0 50.0 50.0 50.0

Dicalcium phosphate 13.0 10.5 7.0 7.2 7.5 1.6 1.8 2.1
Calcium carbonate 10.0 9.0 7.5 7.6 7.7 10.6 10.7 10.7
Sodium chloride 4.8 4.6 4.8 4.9 4.9 4.8 4.9 4.9
dl-Methionine 2.46 1.62 1.42 1.54 1.43 1.42 1.54 1.42
l-Lysine HCl (788 g/kg of

lysine)
2.33 1.26 0.59 0.79 0.89 0.61 0.81 0.90

Phytased – – – – – 0.2 0.2 0.2
Premixe 3.9 3.8 3.1 3.1 3.1 3.1 3.1 3.1

Nutrient composition
Calculated

AMEn (MJ/kg) 12.9 13.1 13.5 13.5 13.5 13.6 13.6 13.6
Crude protein 225 210 198 182 167 198 182 167
Calcium 9.4 8.4 7.4 7.4 7.4 7.4 7.4 7.4
Available phosphorus 4.7 4.2 2.5 2.5 2.5 3.5 3.5 3.5
Sodium 2.3 2.3 2.2 2.2 2.2 2.2 2.2 2.2
Choline (mg/kg) 1700 1600 1536 1452 1375 1535 1452 1374
Lys 13.6 11.8 10.5 9.5 8.5 10.5 9.5 8.5
Total sulfur amino acids 9.8 8.8 8.3 8.0 7.5 8.3 8.0 7.5

Analysed
Lys – – 10.6 9.8 8.6 10.5 10.0 9.1
Total sulfur amino acids – – 7.8 7.9 7.2 8.0 7.6 7.7
Thr – – 6.9 6.1 5.5 6.5 6.2 5.6
Ile – – 7.1 7.1 6.1 7.6 7.0 6.2
Val – – 8.2 8.4 7.4 8.9 8.3 6.2
Arg – – 11.9 10.9 9.5 11.6 10.9 9.7
Leu – – 15.4 14.9 13.6 15.5 14.7 13.8
Phytase (units/kg) – – 528 543 486 27 43 45

a Diet characterized as being formulated to high amino acid density concentrations.
b Diet characterized as being formulated to moderate amino acid density concentrations.
c Diet characterized as being formulated to low amino acid density concentrations.
d Phytase (Ronozyme® P, DSM Nutritional Products, Inc., Parsippany, NJ, USA) was included in diets from 36

to 49 days of age.
e Vitamin and mineral premix include per kilogram of diet: Vitamin A (vitamin A acetate) 7716 IU; chole-

calciferol 2205 IU; Vitamin E (source unspecified) 9.9 mg; menadione, 0.9 mg; B12, 0.01 mg; folic acid, 0.6 �g;
choline, 379 mg; d-pantothenic acid, 8.8 mg; riboflavin, 5.0 mg; niacin, 33 mg; thiamine, 1.0 mg; d-biotin, 0.06 mg;
pyridoxine, 0.9 mg; ethoyquin, 28 mg; manganese, 55 mg; zinc, 50 mg; iron, 28 mg; copper, 4 mg; iodine, 0.5 mg;
selenium, 0.1 mg. Copper and zinc were formulated to contain 0.45 and 0.1 g/kg, respectively. Coccidiostat (Coban
60, Elanco Products, Inc., Indianapolis, IN, USA) was included in starter and grower diets at 0.8 g/kg (90 g of
monensin per ton of complete feed). Choline chloride (700 g/kg choline) was included in the starter diet at 0.1 g/kg.
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excreta weight during the 48 h collection period were used to calculate N consumption and
excretion.

In Exp 2, bird BW and feed were weighed by cage at 35 and 47 days of age. Body weight
gain FI, and FCR were determined per replicate pen. Mortality was determined daily. From
47 to 49 days, excreta were collected for 48 h and N determined as previously described. In
addition to the N determination, inductively coupled plasma emission spectroscopy was used
to analyze feed and excreta samples for P content (United States Environmental Protection
Agency, 1985). Feed samples were ground in a stainless steel blade grinder for 30 s. Two
grams of ground feed were then digested on a hot plate using 10 mL of 16 M nitric acid,
and 5 mL of 12 M perchloric acid. Digestion continued until the temperature arrived at the
boiling point of perchloric acid (200 ◦C). Once digestion was completed, 10 mL of 250 g/kg
(v/v) hydrochloric acid were added, and samples were diluted to 100 mL with distilled
water for subsequent analysis. Excreta samples were dried at 65 ◦C for 48 h and ground
as noted previously. One gram of excreta per pen was ashed at 550 ◦C for 4 h (AOAC,
1996). The ash was subsequently dissolved by adding 10 mL of 3 M hydrochloric acid,
covered with a watch glass, and boiled for 10 min. The samples were then cooled, diluted,
and analysed as previously mentioned (United States Environmental Protection Agency,
1985).

2.4. Statistics

Data were subjected to the analysis of variance procedure in a randomized complete
block design (SAS, 2004). Cage was considered the experimental unit and cage location
was the blocking factor. When significant differences were detected, means were separated
with Tukey’s Studentized Range Test. In Exp 2, significant interactions were not observed,
thus data are presented as main effects. Statistical significance was considered at P≤0.05.

3. Results

3.1. Experiment 1

The difference in analysed values for Lys and TSAA between the prestarter and starter
periods was small for the H diets (Table 1). Pronounced differences of CP, Lys, and TSAA
were noted between H and M diets during the growing period (Table 1). Increasing dietary
AAD improved growth performance from 1 to 35 days, but not from 1 to 19 days of
age (Table 3). Broilers provided the HHH feeding schedule had higher (P≤0.05) BWG
than bird fed the MMM schedule from 1 to 35 days. Cumulative FCR (1–35 days) was
improved (P≤0.05) with the HHH feeding schedule compared with other experimental
feeding schedules. The incidence of mortality was low (4.3%) and not affected (P>0.05) by
dietary treatments (data not shown). Dietary AAD altered N content of excreta and absolute
N excretion from 33 to 35 days (Table 4). Broilers fed the H AAD diet increased N intake
(P≤0.05), N excreta content (P≤0.05), and N excretion (P≤0.05) on a dry matter (DM)
basis over birds provided the M diets. When N excretion was expressed relative to N intake,
no treatment differences were apparent.
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Table 3
Growth responses of male broilers provided diets varying in amino acid concentrations (Experiment 1)

Feeding regimen BWGa (g) FIb (g) FCRc

1 to 7 days of age
Hd 117 118 1.02
Me 116 119 1.01
S.E.M. (n = 24) 3 4 0.03

1 to 19 days of age
HHdd 695 818 1.22
HMde 664 811 1.27
MMee 664 813 1.25
S.E.M. (n = 16) 9 12 0.02

1 to 35 days of age
HHHddd 1910a 2798 1.47b
HHMdde 1856ab 2857 1.54a
HMMdee 1849ab 2865 1.55a
MMMeee 1823b 2799 1.54a
S.E.M. (n = 12) 24 49 0.02

Mean values within a column with no common letters (ab) are significantly different (P≤0.05) as a result of Tukey’s
Studentized Range Test.

a BWG, body weight gain per bird.
b FI, feed intake per bird.
c FCR, feed intake per bird divided by BW gain per bird.
d H, high amino acid density diet.
e M, moderate amino acid density diet.

3.2. Experiment 2

Crude protein and TSAA were lower than the calculated values, while Lys was in agree-
ment with formulated concentrations (Table 2). Actual concentrations of total P and phytase

Table 4
Nitrogen balance and ammonia of male broilers provided diets varying in amino acid concentrations from 33 to
35 days of age (Experiment 1)

Feeding regimen Excreta dry
matter (g/kg)

Excreta Wt
dry basis (kg)

NECa (g/kg) NCb (mg) NEc (mg) NEPd (g/kg)

HHHeee 254 0.242 47.2a 9.09a 2.95a 326
HHMeef 241 0.275 40.8b 7.62b 2.33b 308
HMMeff 255 0.305 42.5ab 7.38b 2.35b 317
MMMfff 236 0.332 41.8ab 7.73b 2.52b 328
S.E.M. (n = 12) 14 0.040 1.6 0.22 0.10 13

Mean values within a column with no common letters (ab) are significantly different (P≤0.05) as a result of Tukey’s
Studentized Range Test.

a NEC, nitrogen content of the excreta on a dry matter basis.
b NC, nitrogen consumption per bird.
c NE, nitrogen excretion per bird.
d NEP, nitrogen excretion divided by nitrogen consumption multiplied by 1000.
e H, high amino acid density diet.
f M, moderate amino acid density diet.
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Table 5
Growth responses of male broilers provided diets varying in amino acid concentrations supplemented with and
without phytase from 36 to 47 days of age (Experiment 2)

Dietary treatments BWGa (g) FIb (g) FCRc

Amino acid main effects
HHHddd 1067 2118b 2.01b
HHMdde 1135 2288a 2.02b
HHLddf 1083 2344a 2.19a
S.E.M. (n = 24) 25 32 0.03

Phytase main effects
Control 1089 2224 2.06
Phytase supplementation 1103 2277 2.08
S.E.M. (n = 36) 20 27 0.03

Mean values within a column with no common letters (ab) are significantly different (P≤0.05) as a result of Tukey’s
Studentized Range Test.

a BWG, body weight gain per bird.
b FI, feed intake per bird.
c FCR, feed conversion corrected for mortality.
d H, high amino acid density diet.
e M, Moderate amino acid density diet.
f L, Low amino acid density diet.

were in close agreement with calculated values (Table 2). Increasing dietary AAD improved
FCR from 36 to 47 days (Table 5). Birds fed the H diet had lower (P≤0.05) FI than M and
L fed birds, whereas the L fed birds had poorer (P≤0.05) FCR than H and M fed birds.
Mortality was low (1.7%) and was similar (P>0.05) among treatments (data not shown).
Dietary phytase addition did not alter BWG, FCR, or the incidence of mortality.

Broilers fed the H diet had increased (P≤0.05) N consumption, N excreta content, and
N excretion on a DM basis (Table 6). Nitrogen excretion relative to N intake was increased
(P≤0.05) with birds fed the H diet compared with broilers provided the L diet. Decreasing
dietary AAD (L) increased (P≤0.05) absolute P excretion compared with birds provided M
and H diets. Phosphorus excretion relative to P intake was increased (P≤0.05) by feeding the
L diet compared with the H diet. Excreta DM and excreta DM weight were not influenced
by dietary AA concentrations. Phytase supplementation increased (P≤0.05) excreta weight
and N excretion, but decreased (P≤0.05) P intake and P excretion. Excreta DM was not
affected by adding phytase.

4. Discussion

The use of H AAD diets throughout production have been reported to improve broiler
BWG and FCR (Dozier and Moran, 2001; Kidd et al., 2004; Corzo et al., 2005). The present
research observed differences in broiler growth from 1 to 35 days of age, but not from 1 to
19 days of age. Kidd et al. (2005) reported improvements in FCR at 5, 14, and 35 days of
age and BWG differences at 14 and 35 days of age with broilers fed H AAD diets compared
with M AAD diets. The lack of response to dietary AAD at earlier ages in the present study
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Table 6
Nitrogen and phosphorus balance of male broilers provided diets varying in amino acid concentrations supplemented with and without phytase from 47 to 49 days of
age (Experiment 2)

Dietary
treatments

Excreta dry
matter (g/kg)

Excreta Wt
dry basis (g)

NECa (g/kg) NCb (g) NEc (g) NEPd (g/kg) PCe (g) PEf (g) PEPg (g/kg)

Amino acid main effects
HHHhhh 229 68 63.3a 10.9a 4.3a 395a 1.74 0.77b 445b
HHMhhi 231 64 58.6b 10.0b 3.7b 372ab 1.66 0.79ab 478ab
HHLhhj 242 65 54.1c 9.8b 3.5b 353b 1.71 0.88a 511a
S.E.M. (n = 24) 6 2 1.2 0.2 0.1 12 0.03 0.03 16

Phytase main effects
Control 240 63b 59.4 10.2 3.6b 355b 1.88a 0.92a 497
Phytase supplementation 227 68a 57.9 10.3 4.0a 391a 1.53b 0.70b 459
S.E.M. (n = 36) 5 2 1.0 0.1 0.1 10 0.03 0.02 13

Mean values within a column with no common letters (ab) are significantly different (P≤0.05) as a result of Tukey’s Studentized Range Test.
a NEC, nitrogen content of the excreta on a dry matter basis.
b NC, nitrogen consumption per bird.
c NE, nitrogen excretion per bird.
d NEP, nitrogen excretion divided by nitrogen consumption multiplied by 1000.
e PC, phosphorus consumption per bird.
f PE, phosphorus excretion per bird.
g PEP, phosphorus excretion divided by phosphorus consumption multiplied by 1000.
h H, high amino acid density diet.
i M, moderate amino acid density diet.
j L, low amino acid density diet.



W.A. Dozier III et al. / Animal Feed Science and Technology 141 (2008) 92–103 101

is in disagreement with previous research (Dozier and Moran, 2001; Dozier et al., 2006a;
Kidd et al., 2004, 2005; Corzo et al., 2005) and an explanation for the difference in response
between current and previous research is not apparent.

Previous research has found no differences in BWG with broilers fed diets varying in
AAD from 5 to 8 weeks of age (Kidd et al., 2005; Dozier et al., 2006b). In the present
research, reducing dietary AAD from H or M to L diet during 36–47 days of age increased
FCR, but BWG was unaffected. Feed intake was increased as dietary AAD decreased from
H to M and L. Broilers fed L AAD diets have been reported to increase FI during the
early growth phase (Dozier and Moran, 2001; Kidd et al., 2004, 2005) and late growth
period (Dozier et al., 2006b). Increasing dietary AAD may decrease FI by creating an AA
imbalance (Acar et al., 2001). In contrast to Exp 2, no differences were observed with FI in
Exp 1. Diets were formulated on a digestible basis and had a balanced AA profile in Exp 1,
whereas diets used in Exp 2 were formulated on a total basis, which may partially explain
differences in FI due to dietary AAD between Exp.

Broilers fed diets containing 20 g/kg CP lower have resulted in 160 g/kg less litter
N than the control fed birds (Ferguson et al., 1998a,b). Kidd et al. (2001) also found
80 g/kg reduction in litter N with a 10 g/kg reduction in dietary CP. In Exp 1 of the present
study, N content of the excreta and N excretion were decreased 130 and 160 g/kg, respec-
tively, as dietary CP concentration was reduced from 200 to 170 g/kg. Nitrogen excretion
was reduced 160 g/kg as dietary CP decreased from 198 to 182 g/kg in Exp 2. Nitrogen
excretion was reduced by 30 g/kg in Exp 2 with 16 g/kg lower CP diet. This infers that
dietary CP and AA needs were probably lower than the H AAD diet provided in Exp
2. When dietary CP was reduced 30 g/kg, 160 g/kg reduction of N excretion occurred
in Exp 1. These broilers were younger than the birds used in Exp 2 and had a higher
dietary AA need (National Research Council, 1994). In addition, these diets were for-
mulated on a digestible basis, whereas diets used in Exp 2 were formulated on a total
basis.

Methionine is the first limiting amino acid for broiler chickens (National Research
Council, 1994). Dietary TSSA requirements for broiler chickens from 0 to 3, 3 to 6, and
6 to 8 weeks of age are reported as 9.0, 7.2 and 6.0 g/kg, respectively (National Research
Council, 1994). Total sulfur amino acids for the M diets in Exp 1 were below National
Research Council (1994) TSAA recommendations from 0 to 19 days of age but were ade-
quate from 20 to 35 days of age. In Exp 2, the diets had analysed values for TSAA in excess
of 7.2 g/kg from 36 to 49 days of age. The small difference in TSAA concentration between
the H and M diets may have allowed for good feed conversion yet allowing for decreasing
N excretion via a 16 g/kg reduction in dietary CP.

Phytase supplementation of maize and soybean meal based diets has been reported to
improve BWG and FCR (Biehl and Baker, 1997; Sebastian et al., 1997; Wu et al., 2003),
although contrasting data exist (Ibrahim et al., 1999; Waldroup et al., 2000; Yan et al.,
2003). The requirement of available P for broilers beyond 6 weeks of age is lower for
growth performance than tibia ash (Waldroup et al., 2000; Yan et al., 2003). In Exp 2, the
available P need for BWG may have been at or below 2.5 g/kg of broilers from 36 to 49
days of age (Yan et al., 2003). Phytase supplementation resulted in a marked reduction in
P excretion has been documented in previous research (Ferguson et al., 1998b; Ibrahim et
al., 1999).
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5. Conclusion

Decreasing amino acid density reduced nitrogen excretion but adversely affected feed
conversion. Determining an optimum amino acid density to minimize nitrogen excretion
must be balanced with poor feed conversion. Phytase supplementation did not further reduce
nitrogen excretion when included in diets formulated to low amino acid density.
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